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200410029453.3 ^'J ^ ^ ^ ^1/2^ 

5 

e) ^Ji^^^'ii-jg^, ^e^Ho^infiij^^s 

15 ^^tt, jaiJ^^T/^il h), I'J^tTT-^; Kfttf 

20 it; 



I. 



200410029453.3 U M W ^ %2/2^ 

g) g feasible ^ false, ^^^^^W^) , feasible ^^J 

h) op APA^M||6<J^TiS;$fB]4J, g feasible % TRUE, 

10 M^^T^il b) ; 

fri^^ C) ; 

1) 

15 ft^, B!f3^Ji^^^mi^Si^j^i&4ls)- cycle 

20 m^i^y^m^^^^m^iimm^B^^^^Mm^^ 



200410029453.3 1^ ^ ^1/18^ 

Advance Compiler Design and Implementation. Morgan Kaufmann 
Publishers, 1997] o 

15 Wa<jmi§;?^^^:^itmjfikW#^ll^, ta Intel 

IA-64 #^^t^0<jm-f^> ^"-f-^^ait— ^JH (Itanium) ^n^^flj 
(McKinley gp itanium2) , '^fllPfl^atl ^#^6^]^^, ^H^flMII. 
:ElirJt-^o ^4" MIX Memory M^M^ifil^^IJi 

Integer tg^-, ^litm^^lM^m^^m^M^^mM, J^Mf^^^U^ 

20 ^+:$^^^J6fj, 



f r: 

200410029453.3 M ^ =^ B2/18^ 

[Dong-Yuan Chen, Lixia Liu, Chen Fu, Shuxin Yang, Chengyong Wu, 
Roy Ju. Efficient Resource Management during Instruction 
5 Scheduling for the EPIC Architecture. Parallel Architectures and 
Compilation Techniques. 2003, 9 : 36*^451 o '^flm^'^^UW'^ 

10 oj^ttlt, 

15 Mjt-#WXf^, 

20 iRj^;5r?£jiia^SBuJS^e,:g:Mfit}j|^, X5f^#^#^lt6<iJI^, nm 



c 



200410029453.3 ife BJ3 ^5 ^3/18^ 

^-^{^mmnmr—t^^^l^^^ n. Muller. Employing 
finite automata for resource scheduling. In the 26th Annual 
International Symposium on Microarchitecture, Austin, Dec 1993; 

12CO201 o jBMmmmMJ-n^i^^'nM.^^it^mnm, mmmR 

^WMB.tl^ BMB^i^ ORG J J^^^JiiS^BLM t Open Research 

15 Compiler (ORC). http://ipf-orc. sourceforge, net. 2002.] o WBPs 

ORC ^^i^^myK (SWP : Software Pipeline) M:^S^S^?t4^ 
(bundling) SOi^WSP^, ^^W^i^Jg [Richard A. Huff. 

20 Lifetime-sensitive modulo scheduling. ACM SIGPLAN Notices, 
1993,28(6) : 258-^267] , ^T^^^^IjiL^h. ^^^i^^m^^UM 



200410029453.3 ift 9! ^? ^4/1831 

(swp) pTiiilW^6<Jff:^SJ¥t^ 

icfi^J^^^^fi"'!* (Instruction Level Parallelism, fJIS^ ILP) o tlil 

5 oIliijS^T-'ttiJT^#. -#:tfH]WBtfB]Mfi§fS^^B^fB]{?6(Initiation 
interval, fSj^ II) o @ Bir$^#»iiiS^M;*^±IIS^: Move-then- 
scheduling (-fegp^-^J^^^feTl?;) Schedule- then-mo ve ^tI?:. 
Htr#^l^Mtl|J^lH]ii (back-edge) -^-^Qtl^^^t'^. ie^jil'J^l:^;^. 
#ff$&J^^ft^6^Tjl;SoSchedule-then-move^]^XWM:^^^:Unroll 

10 based scheduling fP Modulo Schedulingo BU#Jl^#[#Jf (unroll) 

iteration jStfliJS, ^^^^^ 

ii^;iSH!r^m$^#^^^*^«61i;^vi [Josep M. Codina, Josep 
Llosa, Antonio Gonzdlez. A Comparative Study of Modulo 

15 Scheduling Techniques. Proceedings of the 16th international 
conference on Supercomputing. 2002,7 : 97^106] . ORC^t'^l^ffiT 
Richard A. Huff ^tUW Slack Modulo Scheduling [Richard A. Huff. 
Lifetime-sensitive modulo scheduling. ACM SIGPLAN Notices, 
1993,28(6) : 258^^267] , mM^Z^'^^mm^^Wm-^^ 

20 (bundling) o Itanium 



•7 



200410029453.3 ^ =^ ^5/18^ 

(bundle) . ^-t^jg^^mwH^^t^, '^im:^m>m^iiim-^^m 

^(template) . Itanium tfJI^ 7 16 (Mil, MI_I, MLX, MMI, 

M_MI, MFI. MMF. MIB. MBB. BBB, MMB, MFB. RESERVED_A. RESERVED_D. 
RESERVED_3, RESERVED_F) . template ^=^^^^S^m^E. 

5 1^2M(slotO, slotl, slot2)o ORG SWPaP:$J'6<J bundling 
Pro64, ^m^^BB^y-. 



15 



SffP_Pack_A_Bundle( ops_li5t ) // ops^list SSi^lgi^^ rT crcIe^^T ^t^^fk 

{ 

while ( \ops_list, empty 0 ) { // ops_Ust^%^ 

10 for (each slot in current bundle) i // K^f^ Bfff&-^^&!)S— ^ 5/ot 

for (every slot^kind (yn each Wot) { // iftSI^ Wor oIlfej&SMIp^^^S 

for ( each op in ops^list ) // 5Pt ops^/i^f ^ 

if ( !SWP_Violates,Dependencies (op5.ij.st. /ir^t.apC;, op) ) { 

// opm'ei.m^MLH^m^ op'R^\^m^M 

SWP_Bundle_Next„In^Croup(op, slot, slot^kind ) \ // WCS.ik sJot^kJ/td 

// op U slot 

ops_J2st. erase (op) : // iHI» Sttff W op 

} 

) // end for (every sIot_kind*") 
20 } // end for (each slot—) 

} // while 



:^4>ops_list Ji^T^gi^^pI!^:aE-^Bt^^^ (cycle) ^Wi 

Tmn^^m-k. ^^i^n^^-^m (siot) ^-^mmm-^^^mim.^ , 

25 ^^^Um-n^^^mH^^W^ , tfc^fl, ^E^-'^ bundle 6tJ slotl it 



o 



« 



f 



200410029453.3 ift 93 ^ B6/18M 

mi^Lmmm-^mMH, ^mm? > I > M > B 6lj#%)iJ^3l^m^}t^ 

1f|«IM (slot.kind) . ^R^mn-ii, - slot B^^ElC^Jg^ 
J^, m^l^^'^^^^^ih, iP^gj5M6<Jjg4*W5lJ^it6<J template 

5 MM^^iftitt^^'^ o MtR: adds, shr_i. u, add, Ifetch. xor, ld8_i 

C^m&Wl, I, M/I, M, M/I, M|!|M) , Mil, 
MMI(ld8_i, shr_i. u, add ; Ifetch, xor, adds) iSE—'^ cycle 
{0 SWP ^ bundling + 6<J^'l4tt:5fe0#^4Pffi'S^#^7 MIX. 
MMF+MFB (adds, shr_i.u, add : Ifetch, xor, nop. f + ld8_I, nop. f, 
10 nop. WtfegpfflTM-t cycle ;r^S[To M^lM^V^^'^U^-^ cycle 

^MT, M»^±i^W^To mmj^mnu^'^^i^^ (Split issue) 
[Intel Corp. Itanium Processor Microarchitecture Reference. 
http://developer.intel.com/design/ Itanium/ arch spec, htm . 
2000] . 

15 ^-Um, i^#&^{SiiiJPTW^SJ&^ (NOP) , mmm-^ cache 

VjH^^^ (I - Cache miss) ^mt^-, W J-i* NOP Jg^Bt , 
^^M. nop. f nop. i, jt^mniJWifSi\i!,mWm (stall) 60 "Ttg 

14 (Intel Corp. Intel I tanium2 Processor Reference Manual. 2002,7: 
53^541 0 ^a^^it^^Bff^S^js::^ (BB: Basic Block) ^Wn^M^ 

20 mnM, ^.aii^Jt^^iiP SWP mm^m^ (Loop unrolling) M 



200410029453. 3 



M m mi/M 



^\^, M^^WiJ SPEC2000 bzip2(ISET=ref)^ ORC peak mMT 
^^B, is^lfltl^]TI^T^1l2%. 

liiPTJi^ cache i^fDj^^4'6<jBii&tt. mi^jm'^^m. JAmm^j 

^^imTKmiMm^ihrn^^mHrnasput issue), M^Mtam^t-^ cache 
10 T^rfRj:f^t (i-cachemiss) ^m^^, ^Mj^'ifm^^m, JAwm-^ 

15 a) it#^t4^^t^^J§^6fjM{|; 



1 r\ 



« I 

200410029453.3 itt 15 MS/18]R 

e) j^i^^M'^^-m^, ^^^mm^m^, i^^^m^^m^^^ 

g) S feasible^ false, B.JsWif^Mk), ^t. feasible ^5^J 

h) ^J^-4-opipASM^6<lim^fH]4', 2 feasible TRUE, 

20 ^^^n^^b); 

^Ti^a c) ; 



-I t 



200410029453. 3 iJi ?9 IS ^9/18^ 

1) mmm^Mo 

^±m^^^M^, 0j^i^4^m^mms.iK:f3ML:&m- cycle 





5 ^"^m&^m^smuB^m^. 



W (Reorder) ^i^mWM (Negotiate) ^ip^^WmM^ikM^^^- cycle 

t^^im±ifymi^m$i^^Bj^d^^^, ^UM "iHiii" ^^n-, m^m^ 

MjmiM&^lhm^^^m CSpm issue) , m^JlhMm^ cache i;^ 
i^^^^ (I-Cache miss) fi^JpTt^tt, ili^T^tl^i?^^, A^^Mift-^il 



15 mmw 

20 m2am^m^mm-'^mmM'fm^ (11=2) o^j^i^ 



1 o 



200410029453.3 ift ?9 ^ HlO/lS;^ 

@ 3a ji*:S:Hj^ii^?fJ4'tSJf3^>f^M» 0 B^^#^^iemi5^s 



3b Jt:*::^BJ^iiM4'*i4«^#Bt^#^^MB^jt^; 




@ Id^'* latency = 1, omega =1, II = 1; Ir^'^i^M^Tjs 
1 ^ cycle ilJIg 7 4" cycleo 



UZ^, TN^^lteH^^M ( Temporary Name ) ; TN ^7r:^Ml|£Bt35 
10 M. (Global Temporary Name) o 

S 4 'MUB^^ntX: ops_list ^^iiJ[i^^nTKIlI- 

cycie ^:^m^m^M; 

Stage (op«..e = op 4j^^Ti;gtM 

1 (location) /^^fi]5g (ID) ; 

15 NULL^^^^; 

prev_state,cur_state ^j3iJ^^Hl|-^«^^Htrii^fitiail>bt^^S 

fi], temp_state^^^B!lj^^6<3a«^6^iiJi^$fB], ^im^JiJ, jfliJ 
^C temp_state fitlitf^t^ cur_state;. 



i O 



200410029453.3 ^ ^11/18^ 

tried ^—l^^^t, ^^^M^^ cur_state 4" op B^^ii— 

slot MSMDDG ^^^^MJS^^^mMm^; 

op ops_list 4'i^fcbfi«J— 

5 inst Jicur_state tf'fi^Jfil:— 

Arc_latency ( inst, op DDG inst 3\^^ op 

Omega ( inst, op) DDG 4^?^^^ inst ilJJi^^ op 6tlf2clS^^^ 

10 Stage ( inst inst ^^^^Wi ( gp 

location/II) , T^^ie^jlj^a^I-Jf^&iCTt-^^^; 

feasible ^ I^J fi^ ^ ^ # ^ ^ 18 [*I 6<J ^ ^ ^ &{j i» 5^ * . 
Bundle.Helper ^^^T^^K + mW^^ESesm, ^^^Mt^^^mMM 

P^, (FSA: Finite State Automata) ^^1^. 

15 jtj temp_state ^^2fi] + a«jJI4^#Ji^^it6<j;^feo 



I 



200410029453.3 ift l|S ^ MWlSJS. 

±1C^m, ^Tii^Ji^ Move-then-scheduling g7^, M^^M^^ 



ji(back-edge)-^-^6<I^^}|^,'St^jt0{l«i[i|f2cgiS" (DDG: Data 



Dependence Graph) ^IWjf^^^fit) "WlRl^J^^ffl" (DAG: Directed 
5 Acyclic Graph) , MM.—^ "Wl^J^J^S" (DCG: Directed Cyclic 
Graph) « 

'^T^i^Utm^^^n-^ft (iteration) Jl^falfi^jfi^)^^^, MJL 
iE^'t>F|Wlj£'f-^rBie<J#5F^i^^$^^^ (loop-carried dependence) . 
iE^j5#, MiiHSflHlii (^nm;^ DDG 6^10^1? .-^^iiJU,^, a 6<J#^l^^i 
10 iJ^^ilU^ b, WIt^"^^ b ^K^,^. a (b dom a) o ^51^ b dom a, iJ 

Vicki H, Allan, Reese B. Jones, Randall M. Lee, Stephen J. Allan. 
Software pipelining. ACM Computing Surveys (CSIR). 1995.9(27) : 376^432] o SclHiC^^ 

-^mi^.m" is^DDG (N, A) , n^, n mm^Bf^i^'^^^ .^^M 
15 ^, k^m^B'i'^^m^^^Mm^^ n^^mm-^jfn (omega, 

latency) t^iBo i^l^SijiS (omega) ^^*5clSl^^^8tj^fi<J#Jf i^'f-^iC, 



Mig (latency) ^^n~^^^j^^^^m^^Mr.^^^BfWm'J^^ 

20 ^iU6<ltii^^#i^3lH^mifM5T^^Ta lb, M#iJ^i5ll^-i^^rt 



1 c 



200410029453. 3 



itt 9! 1? mi3/i8^ 



"^i^mm^T-nmmmmmoitmmmNum ic ^ ddg 

latency = 1 ^i^m^M; .^A m\^^M^mit±^^^^ (1, 1), E 
**^H!ri^ft (iteration) 61jM-^Jt4SlT-i§ftfi<)^-^Jg'^-tiiW 
5 latency = 1^^^^, it#Jgt!]fH]^ (II) Bt^^ffi II * 

omega >= latency, ^UASMI^^ii^^ II l^^g^^;^, 



^-63^1^, ^^M&^mn " M^f-iMm (Flat schedule: gp 

iteration ^m&) " H. M^^-^i&f^^^m&^^'f-m-^Z 
10 (mn^ (iflS2a4'^fcli6<jJ|-^2,3M¥«iiilJ|WI-cycle, iE 

^ I.» I„ Is^S«jJg4^;i|ilN-^fi^6<J (I,: i mod 2 = 1; i 



15 ¥ii^'t'fi<jfiS location), I3, L, l6'^'a<jJg4-;iIi|Bt$tl.^Tfitl (L: i mod 
(stage) , l&fitj-^^^^ IK - 




stage = location / II 



Cycle Is^mi^^ 6 ^Pit4^ 1 ^^J^g^ stage2 |P stageOo 

bundling. y^T^^Wl^jW 
20 3Efg, m^lSiti'^lg^j^ Omega ^ Stage M:^ 



1 /? 



200410029453.3 lii Bg ^ MWIBM 

tm 2b Cycle Is t fi^^g4 6, 2, 3. 1 ^^^M^^i^^Wm II 

'^im EPIC ^^^m^m- cycle ^^^^^ 

e$lt^^2Zm'^^^Bn (RAW: Read After Write) ^i^^^M 

Tm) , ^mn}}iL^TM&:^m, mnm^m^'^inrnmn-'^ cycle :t 

5 rt e<J, S^^iB—t adds ^l^ffiir-^ adds 6<J^^, cycle 
(latency =1) » fi/fAWlRl^i^ S Wli^^^, 'Ein^f^6^^±a^MM 
omega =1, -feiPJ^^ 2 g T"^ iteration Mfitio ^3^#omega!=0 
SWP bundling ZBtl^^^^^E. (Register Allocation) 

Pll^gf 6^mjl^#^S^^mi^3t- RAW #JAL LB. R. Rau. M. 

10 Lee, P. P. Tirumalai, M. S. Schlansker. Register Allocation for Software Pipelined 
Loops. Proc. of the SIGPLAN ' 92 Conf. on Programniing Language Design £md 

Implementation. 1992,6 : 283^^299] . ORC 1^ W6^$^#2?it7jCoP^-t^J^ 

i^^^fi^o ^VX, S omega >=1W. ain^l5P±;^^l^JE3^M^II^S^ 
iiJIWl- cycle m 3a ^HdTIg^ 6 m^'k' 2 Register 
15 Allocation BffB60it<5i. 

Cycle Ist 2 3 S Flat Scheduling 4" It Mj^ 107 1^1 - 

4^ cycle, •uEBS^f^iSW^a^'tiojt^^ 6 1 ^oltl^TMi^^lt^^o 

m-tejiJJl-^nfej^^tiiB^ (RAW) ^^m^M, M^bfJi^, 

sti adds ^i^^mf^^o m'^jfiL^Mm:^^. mm 

20 :^m^'^immm-^ cycle t . {i>^mT^;Sll^a^I^.t 6 

1 ^ji^^ IhI— ^ stage, m^^Z stage2, J5#5|^i stageO, 



■I T 



200410029453.3 ^ m ^ ^15/18^ 

M^mm, SWP ife^^ bundling Register Allocation ^Mii 

^'^^m-^^m^'^iaZm^^^^.pMB. R. Rau. M. tee, p. p. Tirumalai. 
M. S. Schlansker. Register Allocation for Software Pipelined Loops. Proc. of the 
SIGPLAN '92 Conf. on Programming Language Design and Implementation. 1992,6 : 283 

5 -2991 o ^lu, '^-^im Stage y^^m^m^. ^^±^'^u^mn-- 

^ cycle 4'o a 3b ^HiXJI^ 6 |flj|4 1 ^mmy^^ Register 
Allocation mJs^lMRo 

^±«, ^T^m«lE]ii"fifl^i#, M^Sit^m^^K Reorder) 
^i^Wi^ (Negotiate) ^:^mW^TM&ik^t^^m- cycle ^:^M^ 

m^±^ omega {i^J^^ff^6<J stage. i^#;tlg^ bundling 
Register Allocation 12^^315, m^iK^Wtt:tt.tt|go 




15 101, it#J^^^ (ops.list) ^^^Jg^^ltl^lfctt (Stage) s 



^4'. stage = location /II; ops_list ^^^lijgiA^ijBl^^lil- cycle 

'pum&^m^m, location ^^^^nBt^^^s:, u ^B^btm-, 



103, mmm^M (ops.nst) ^^^^i 

123; $P^^, $t(.fxT-^; 



20 105, ^J^milSltl^^$|Bj (cur.state) ;t^B7ilR^W^t 



1 o 



t. 



200410029453.3 iii ?8 45 ^16/18;^ 

4^ (op) i^W tried i^M, iPJI^Ji^B^jiii? Wify-^. 
Wif^m 109; 

107, ^)^m-^m^M^^^m prev_state 6<J^feitM, 
Hir prev_state ^^^^mM slot ^t, ftl^ mf^^6^*n.«4^^Sfi]{& 
5 m.i^n-M^^V^^^t^f ffiSBtr«6«]^^^SfH]SS, bp prev_state = 
cur_state, cur_state = NULL; 

^^109, ;^Ji^*ops_iist 4'j^-m4'0P, 

ffi^ltra^a^J^fc^^^fH] cur.state ^ ^ BU S9 tJ liS; S 
temp_state; 

10 ^^111, ummi^^mm, ^^'^m^^m^^^m^m-^HK 
^ inst op ^mmmM'^^ynmnmuz-mi 

inst ^flT^ji^ op \m-^^w.m^^x Wim^mm^^i^ inst ^jt 

15 4- op 6^3/Il±EiS{t^ 0, BP Arc.latency ( inst, op ) = = 0; Ife^f^c 
ilS^'Ja^^ inst ilJJI4 op fi<]3lll±6<) Omega >F>^0,&P Omega ( inst, op) ! 
= 0; W:^^^n^insxn\tEt^^Wi^-%^^ovfm^^WL, BP Stage 
( inst ) != Stage ( op ) ; 

113, g feasible false, ^BMf^^ 121, ^4^, feasible 



1 1\ 



200410029453.3 iJi ?8 15 ^17/18^ 

115. ^^4^ op JnA^HtrJ^^fi^J^ii^Sra] temp.state ^^^m 
^, S feasible ^ TRUE, tMM Bundle_Helper % temp_state ^^^^ 
W^m^. ^^mPSk^^^i^n^, ^fp, Bundle.Helper ^^tliStm 

Finite State Automata) S^Jt^ti^i^^, ^ temp_state ^^^fiJ^'filjJI 

10 119, m^l^^, ^ temp_state WHM^ cur_state, 6P 

cur_state = temp_state,M|lrJH4 op slot it. ops_list 

^^iJ^i^^^^op, ^jSiJ^^f 103; 

t^rnm, & cur_state4'>^Jt^op^± tried tfiS, M;^^ff^ 

^ 105; 

15 ^^123, WLiMSt^Mo 

<i^eoTdeTm^m^W^egotiatem;^mW1MM^\k^m^^~ cycle 
^^m^m^±&^ omega ^^li^-^Bf^m stage. ^Wtm^ bundling 



on 



200410029453.3 ^ 93 B18/18J5 

ZfS Register Allocation SB^^*, ^n^tt^M^^^, M^m^ 
myKmm^'¥ti\M.^^^M (Split issue) , <)^/Maim3t^ cache 

i:&l«i:^^4' (I-Cache miss) mnm, ^i^7^fi^li#^¥. iAMiS 



O 1 

k 



200410029453. 3 



m =^ m 



for (i=l; i<=n; i++) 
0I:a(i + I] = a[i] + 2 
02: b[i] = a[i + 1] * 3 
03:c[i] = b[i]-l 
04: d[i] = c[i] 



(1,1) 




T a[2J_^afll + 2 

I b[l] = at21*3 

M c[l] = b[l]-l 

E dll] = cn] 



ITERATIONS 




T 
I 

M 
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Sid 



Ic 



F,:l 
F2: 

F3: 2,3 
F4: 4,5 
F5:6 
F«:7 



Stage 0 r 

L- I2: 



Stage 1 



Stage! 



r4- 
L 4- 
I7: 

h: 
I9: 

ho- 



2a 



2^ 


1 




4,5 






6 


2,3 


1 


7 


4.5 
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2,3 




7 


4,5 
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\ 


S2b 





00 
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^ W ^ m ffl B2/3I5 



l6\GTN1333i'adds -32 Gmi3S3fl/\ 


II GTN1333 


= -32 + GTNI333 


12] mm J i-adib 'UGTTtl333{l/; 


II TN1331 


= -24 + GTN1333 


( After Register Allocation ) 






} { .mil 






Idlr42^fr24j,'32 


II (stagel] 




adds r43 -32» r44 


// [stagel] 




addsr52^'U,r44 

) 


// (stagel] 





3a 



16] TN1343 adds -8 Gmi349/lJ ; 

RAW 



I'Stl ITN1343\ TN1304; 



( After Register Ailocation, 

} { .mmi 

UUr47^\r46\ 
ldlr35^lrS7l 
addsr52^^rS7 

) { .mmi 

sti lrS9] « r42 
sil lr53] = r48 
adds r4l^A^ r57 ;; 

} 



) 



// mi343 = S + Gm2349 



II st\TN1343]^Tm304 



II [stage 1] 
// [stage 0| 
// [stage 0] 

//[stage 1| 
// (stage Ij 
// [stage 0] 



@3b 



200410029453.3 iJi li ^ Ptt S ^3/315 



(t ( stage = location /II) 



101 




y- 



123 



107 



prev_state tKj^ftitilS. Mfr prev_state 
+}§4W^X4-1ttt; prcv^statc = cur^state; 
cur_state = NULL« 



opsjist op, ^A^^J-E^blBSP^; 

tempstate = cur_state» 



109 




m^mu: inst?PopfB]^»ffiaig*s^: 

Arcjatency ( inst, op ) = = 0; Omega ( inst, 
op)!=0: Stage ( inst )!= Stage ( op ) 



S feasible ^ false 




1 







!|fFlS4-oplraAtemp_state»f » S feasible^ 
TRUE, tM^ Bundle^Helper ^ temp_state ^ 



N 



S7^ ffi cur state 4^/^ op 
1K± tried 




115 



117 



121 



cur_state = temp_states MSfopW^Xj 
slottt; opsjist op. 




119 



@4 



O J 



